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- SMALL-SCALE TESTS OF THE MIXER NOZZLE CONCEPT 
FOR REDUCING BLOWN-FLAP NOISE 
by Jack H. Goodykoontz, William A. Olsen, and Robert G. Dorsch 

Lewis Research Center 

SUMMARY 

Noise tests were conducted using simulated mixer-type nozzles and a small-scale 
model of an externally -blown-flap lift -augmentation system. The mixer nozzles were 
simulated with orifice plates. The wing model had a chord length of 32.4 centimeters 
and a span of 61 centimeters. The wing had two flaps that could be placed in three dif- 
ferent settings: (1) leading flap 30° from the wing chord line, trailing flap 60° from the 
chord line; (2) leading flap 10° from the chord line, trailing flap 20°; and (3) both flaps 
at a 0° angle with respect to the wing chord line (i.e. , retracted). 

Noise data were taken for two different-size mixer orifices. The first orifice plate 
consisted of eight round -ended trapezoidal -shaped openings with an equivalent diameter 
of 6.0 centimeters (total open area equal to that of a single 6.0-cm-diam orifice). The 
results showed that when used with the 30°-60° flaps, this orifice plate was 6 decibels 
quieter, under the wing, than a single circular orifice with the same area. With the 
10°-20° flap setting, the eight-lobe mixer orifice was approximately 2 decibels quieter 
than the single orifice. Results are also presented for variations to the eight -lobe mixer 
orifice - wing - flap'system. 

The second mixer orifice consisted of sixteen 1.03-centimeter -diameter holes ar- 
ranged in a square pattern. The equivalent diameter was 4. 1 centimeters. With the 
30°-60° flaps, this orifice was from 4 to 5 decibels quieter than a single circular orifice 
with the same area . 


INTRODUCTION 

One method to increase the lift capability of a STOL aircraft during takeoff and land- 
ing is to incorporate an externally -blown -flap system. With this method, large trailing - 
edge wing flaps are lowered directly into the fan-jet engine exhaust. Unfortunately, the 



impingement of this high-velocity air stream on the flap surfaces causes a substantial in- 
crease in the noise level of the engine exhaust jet. In order to meet the frequently sug- 
gested goal for STOL aircraft of 95 effective perceived noise decibels (EPNdB) at the 
500 -foot sideline, the additional noise generated by the interaction of the jet exhaust 
with the flaps must be considerably reduced. 

The flap interaction noise appears to be proportional to the surface area of the flaps 
scrubbed by the jet exhaust and to the sixth power of the jet exhaust impingement veloc- 
ity. Reducing this impingement velocity (while maintaining acceptable lift characteris- 
tics) appears to offer promise of substantial reduction in flap interaction noise. 

The impingement velocity can be reduced by employing a mixer nozzle at the fan- 
jet engine exhaust. A mixer nozzle is a multielement nozzle designed in such a way that 
the velocity of the individual small jets making up the exhaust decays rapidly by turbu- 
lent mixing with the surrounding low-velocity air stream. 

This report presents experimental results on the noise reduction effectiveness of a 
mixer nozzle. Noise measurements were made with a small-scale (32.4-cm wing chord) 
externally -blown-flap model using the mixer nozzle concept to reduce the velocity of 
impingement at the flaps. Orifice plates were used, instead of nozzles, to simplify the 
apparatus. 

Two sets of mixer -type nozzle data are presented. The first set of data presents 
the results obtained from a single orifice and an eight -lobe, round -end trapezoidal ori- 
fice, both having an equivalent diameter of 6.0 centimeters. The eight -lobe orifice was 
used since, in reference 1, it was found that this configuration gave a high rate of axial 
velocity decay. The second set of data presents the results obtained from a single ori- 
fice and a multihole orifice having equivalent diameters of 4. 1 centimeters. The effec- 
tiveness of the mixer-type (multielement) orifices was assessed by comparing the noise 
data obtained with the mixer orifices with data from the same -equivalent-diameter sin- 
gle orifice. 

In addition, data are presented for variations to the orifice -wing -flap system (using 
the eight -lobe orifice) . These data were taken in an effort to reduce and/or isolate the 
noise generated by the high-velocity jet scrubbing action. 


SYMBOLS 


nozzle (orifice) discharge coefficient 


D e equivalent diameter, ^^ x total area , cm 


Mj Mach number at nozzle (orifice) exit 
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V free -stream peak jet velocity, m/sec 

V. peak velocity at nozzle (orifice) exit plane , m/sec 

x axial distance from nozzle (orifice) exit plane, cm 


APPARATUS AND PROCEDURE 

Two facilities were used to obtain the experimental data presented herein. Basi- 
cally, they were identical in mechanical and electronic hardware and mode of operation. 
However, the distance from the ground surface to the centerline of the orifices was dif- 
ferent for the two facilities. This distance was 1.22 meters for the first facility and 
1.52 meters for the second facility. In addition, the two facilities were located at dif- 
ferent sites on the laboratory property. The majority of the data was taken at the first 
site. The second site was used primarily to obtain the data for the variations to the 
model (e.g. , slots covered). Comparison of the data obtained at the two sites for the 
same configuration showed an overall-sound-pressure-level (OASPL) repeatability of 
within 2 decibels and a sound -pressure -level (SPL) repeatability of within 2 decibels in 
the middle frequency range and within 4 decibels at the high end of the frequency range. 
The following descriptions of the apparatus and procedure apply to both facilities. 


Flow System 

The data were obtained by using the experimental apparatus shown in figures 1 
and 2. The flow system (fig. 1) consisted of an orifice for flow measurement, a 10.16- 
centimeter flow control valve, a muffler section, a long straight section of 10. 22- 
centimeter -diameter pipe, and the test orifices. Cold air (294 K) flowed through the 
test orifices and impinged on the wing -flap system. 

The muffler section was installed to reduce the noise generated by the globe-type 
flow control valve. It consisted of a series of perforated plates and a tuned dissipative 
muffler. A more thorough discussion of the muffler section is presented in reference 2. 


External ly-Blown-Flap Model 

Wing -flap assembly . - The model that was tested in this experiment is shown in 
figure 2. The wing and flaps (fig. 2(a)) were made of wood covered with fiberglass and 
were smoothed and polished . The wing had a chord length of 32.4 centimeters with the 
flaps retracted and a span of 61 centimeters. The flaps could be placed in the 30°-60° 
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position (with respect to the wing chord line), the 10°-20° position, and the 0° (retrac- 
ted) position. The distance from the orifice centerline to the underside of the wing was 
7.62 centimeters measured at the orifice exit. The wing was oriented to give a 5° angle 
of attack between the wing chord line and the centerline of the orifice. The distance 
from the orifice exit to the 60° flap, measured along the orifice centerline, was 29.55 
centimeters for one pair of orifices (D g = 6.0 cm) and 37.0 centimeters for the other 
pair of orifices (D g = 4.1 cm) . 

A variation to the wing -flap system, with the flaps in the 10°-20° setting, consisted 
of blocking off the slots between the fixed wing and leading flap and between the two 
flaps. This was done with a thin-gage metal shield that covered the entire bottom side 
of the wing-flap system. Also, a partial-span shield 12. 7 centimeters wide that covered 
both slots and was centered about the c'enterline of the orifice was used in some tests. 

The eight-lobe orifice (D =6.0 cm) was used with these configurations. 

® 0 0 

An additional variation to the wing -flap system, again with the flaps in the 10 -20 

position, included alternate blocking of the slots. First, the front slot between the fixed 
wing and the leading flap was covered with a thin metal plate that extended the entire 
span of the model. The rear slot between the flaps remained open. The arrangement 
was then reversed with the rear slot covered and the front slot open. Again, the eight- 
lobe orifice was used for this test. 

Figure 2(b) shows the facility with the wing flaps in the 30°-60° position and the 
eight-lobe orifice installed. 

Test orifices . - Data were obtained from two different pairs of orifice plates. Each 
pair included an orifice plate with a single circular opening and an orifice plate with 
multielement openings. The total open areas for the two configurations of a given pair 
were the same; consequently, the equivalent diameters were the same. In addition, the 
discharge coefficients for a given pair were approximately the same. 

Figure 2(c) shows the dimensions and configuration of the orifices with an equiva- 
lent diameter of 6.0 centimeters (nominal). Discharge coefficients of the orifices (ratio 
of actual airflow rate to ideal airflow rate) in figure 2(c) were approximately 0.8. The 
exit area of the single -hole orifice is the same as the total exit area of the eight -lobe 
orifice . 

A variation to the eight -lobe orifice consisted of placing a fine-mesh wire screen 
over the three openings nearest the wing. This was done to reduce the jet velocity near 
the wing in an effort to lower the sound generated by the scrubbing action of the jet on 
t he win g . 

Figure 2(d) shows the dimensions and configuration of the orifices with an equivalent 
diameter of 4.1 centimeters (nominal). The multihole orifice plate had sixteen 1.03- 
centimeter -diameter holes arranged in a square pattern as shown. The multihole orifice 
plate was mounted in the facility so that a side of the square array was parallel to the 
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underside of the wing. The discharge coefficient for the multihole orifice was 0.67, and 
the coefficient for the single orifice was 0.61. 


Instrumentation 

The noise data were measured by fourteen 1. 27 -centimeter -diameter condenser 
microphones placed at various intervals oh a 3.05-meter-radius circle centered at the 
orifice exit. The microphone horizontal plane and jet centerline were located 1.22 and 
1.52 meters, respectively, above a smooth flat asphalt surface. Windscreens were 
placed on all microphones. 

Total pressure upstream of the test orifices and static pressure upstream of the 
flow metering orifice were measured with precision Bourdon tube pressure gages. The 
pressure drop across the flow metering orifice was measured with a U-tube manometer 
filled with glycol. Temperatures were measured upstream of the test orifices and the 
flow metering orifice with immersion-type thermometers. 

Weather data (barometric pressure, humidity, and wind speed and direction) were 
also monitored and/or recorded. 


Procedure 

Free-stream velocities with the wing removed were calculated from total pressures 
measured downstream of the orifices by a traversing probe. The static pressure in the 
free stream was assumed to be atmospheric. The total temperature at the probe was 
assumed to be the same as the temperature measured upstream of the orifices. 

Far -field noise data and flow data were taken for various pressure ratios across the 
test orifices. The test procedure was to obtain a steady flow condition for a given total 
pressure upstream of the test orifice. The majority of the data were taken with the 
spanwise direction of the wing in the vertical position and the plane of the microphone 
circle perpendicular to the wing . A limited amount of data were taken with the wing in 
the horizontal position so that sideline noise tests could be simulated. 

Three noise data samples were taken at each of the 14 microphone locations. A 
total of 20 minutes were required for this sampling. The noise data were analyzed di- 
rectly by a 1/3 -octave -band spectrum analyzer which determined sound pressure level 

c p 

(SPL) spectrums referenced to 2x10 N/m . An atmospheric loss correction was ap- 
plied to the average of the three samples, and an overall sound pressure level (OASPL) 
was computed for each microphone position. Additional filters were used (1/3-octave 
center frequencies of 25, 31.5, and 40 kHz) for a limited number of runs to investigate 
the high-frequency characteristics of the SPL spectra. 
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The condenser microphones were calibrated before each run with a standard piston 
calibrator (124 dB±0.2 dB, 250-Hz tone). The 1/3 -octave -band analyzer was cali- 
brated before the test with a constant -voltage source and checked during the experiment 
with an electronic pink noise generator. Additional assurance of the reliability of the 
electronic system was made by flowing air through an auxiliary orifice, analyzing the 
emitted sound, and examining the data to see if the results obtained from the current run 
agreed with a previous run. 


RESULTS AND DISCUSSION 
Peak Velocity Degradation 

Free-stream velocity profiles downstream of the orifices with an equivalent diam- 
eter of 6.0 centimeters are shown in figures 3 and 4. 

Figure 3 shows the velocity profiles for the eight-lobe orifice at three axial posi- 
tions. Near the exit (fig. 3(a)), the profile has a double peak since the flow field is in- 
fluenced by each individual jet. At the location shown (x = 15.2 cm) the peak jet velocity 
has been reduced to 75 percent of the orifice exit velocity. 

At an axial distance of 29.6 centimeters (fig. 3(b)), the influence of each jet is less 
and the peak velocity has been reduced to about 64 percent of the orifice exit velocity. 
This axial distance (x = 29.6 cm) is the same distance as that from the orifice exit to the 
60° flap, measured along the orifice axis, when the wing is in place. As the axial dis- 
tance increases further (fig. 3(c)), the individual peaks vanish and the flow coalesces 
into one large jet. 

Figure 4 shows the velocity profile from the single orifice measured at an axial dis- 
tance of 29.6 centimeters downstream from the orifice exit. The peak velocity is ap- 
proximately the same as the orifice exit velocity (290 m/sec). 

The velocity profiles at 37 centimeters downstream of the orifice exit for the 
4. 1 -centimeter -equivalent -diameter orifices are shown in figure 5. This axial position 
is at the impingement point on the 60° flap (measured along the orifice axis) when the 
wing is in place. The peak velocity for the multihole orifice at this axial position is ap- 
proximately one -half of the velocity at the orifice exit. The peak velocity for the single 
orifice is approximately 70 percent of the exit velocity. 

The velocity degradation results are summarized in figure 6, The ordinate is the 
ratio of the local free-stream peak jet velocity V, as measured at various axial posi- 
tions, to the peak velocity at the exit plane of the orifice V. . The velocity ratio is 
plotted as a function of an axial distance parameter which includes the axial distance 
downstream of the orifice exit x, the equivalent diameter of the orifices D g , the orifice 
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discharge coefficient C, and the Mach number of the jet at the orifice exit M.. The 
solid curve is representative of the velocity decay data for single nozzles and single ori- 
fices from an extensive experimental program reported in reference 1. The single- 
orifice data of the work reported herein agree reasonably well with the data represented 
by the curve. In addition, the eight-lobe and multihole orifices show a faster rate of 
velocity decay than do the single orifices with the same equivalent diameters. There- 
fore, the multielement orifices satisfactorily simulated a mixer-type nozzle in that a 
rapid velocity decay is induced. 


Sound Measurements with 6.0-Centimeter-Equivalent-Diameter Orifices 

Orifice alone . - The noise data for the eight -lobe orifice alone at two orifice pres- 
sure ratios (or exhaust velocities) are compared in figure 7. The overall sound pres- 
sure level (OASPL) directivity at a distance of 3.05 meters (fig. 7(a)) is plotted for only 
one-half of the microphone circle since the sound pattern is symmetrical about the ori- 
fice axis. A considerable difference in level exists between the two examples since the 
sound pressure level is porportional to the eighth power of the velocity. The sound 
pressure level (SPL) 1/3-octave spectra (fig. 7(b)) again show a large difference in the 
levels for the two pressure ratios. The peak at 16 kilohertz for a pressure ratio of 1.23 
is attributed to scatter in the data. 

A comparison of the noise data for the eight -lobe orifice alone and the single orifice 
alone is shown in figure 8. In figure 8(a) the OASPL at a distance of 3.05 meters is 
shown. The orifice pressure ratio was 1.74 for both orifices. The differences in 
OASPL between the single and eight-lobe orifices are small to about 120°, with the level 
from the single orifice being about 2 decibels greater. Between 120° and 160° the sepa- 
ration increases to a maximum of about 5 decibels at 160°. 

The sound pressure level 1/3 -octave spectra for the orifices alone are shown in fig- 
ure 8(b). The single -or if ice spectrum was measured at 90° from the engine inlet, and 
the eight -lobe -orifice spectrum was measured at 80°. Below a center frequency of 6300 
hertz the single -orifice level is higher than the eight -lobe orifice level. In the' high- 
frequency range the sound level of the eight-lobe orifice would be higher than that of the 
single orifice as a result of the smaller individual flow passages of the eight -lobe orifice. 

Orifices with wing . - Comparison of the noise data for the eight -lobe orifice and the 
wing with various flap settings is shown in figure 9. Also shown are the data for the ori- 
fice alone. A pressure ratio of 1.74 was used for all runs. In figure 9(a), the OASPL 
with the wing in place is shown to be greater below and forward of the wing (0° to 160°) 
for a given flap setting. The noise produced with the wing in place is made up of inter- 
action of the jet exhaust and the wing -flap system and reflection of the noise generated 
by the nozzle alone. As the flap angles decrease, the sound pressure level below the 
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wing decreases (fig. 9(a)), which means that the interaction noise is decreasing. If the 
jet did not impinge upon the wing -flap system, the sound level would approach a mini- 
mum value that includes the noise produced by the nozzle alone plus the reflection of the 
nozzle noise. 

The SPL 1/3-octave spectra for the eight -lobe orifice and the wing with the various 
flap settings are shown in figure 9(b). The SPL for the deflected flaps (10°-20°, 

30°-60°) is greater than the SPL for the retracted flaps in the frequency range from 1250 
to 6300 hertz. There is a sizeable drop in the SPL in the region around 1000 hertz for 
the retracted case. 

Moving the orifice an additional 1.27 centimeters away from the wing (30°-60° flap 
setting), in order to reduce the scrubbing action, gave results the same as those shown 
in figure 9 for the normal orifice location. 

The noise data for the eight -lobe orifice used with the 30°-60° flaps, at various ori- 
fice pressure ratios (or exhaust velocities), are shown in figure 10. The OASPL (fig. 
10(a)) decreases with decreasing pressure ratio but maintains similar directivity pat- 
terns. The SPL 1/3-octave spectra (fig. 10(b)) peak at 2500 hertz for all pressure 
ratios tested. 

The noise data for the eight -lobe orifice and the single orifice, both used with the 
30°-60° flaps, are compared in figure 11. Also included are the data for the orifices 
alone. The OASPL (fig. 11(a)) with the single orifice with the flaps is higher than with 
the eight-lobe orifice for all angles from the engine inlet. The SPL 1/3 -octave spectra 
below the wing (fig. 11(b)) show a peak at 2500 hertz for both configurations. The spec- 
trum for the single orifice has a higher level in the high-frequency range than the eight- 
lobe orifice when both are used with the 30°-60° flaps. 

The noise data for the eight -lobe orifice and for a 5. 08 -centimeter -diameter single 
nozzle scaled up to the eight-lobe orifice size, both used with the 10°-20° flaps, are 
compared in figure 12. Also shown in the figure are data for the orifice and nozzle 
alone. The data for the single nozzle are from reference 2, and the method of scaling 
is given in reference 3. The OASPL (fig. 12(a)) shows that the single nozzle is. approxi- 
mately 2 decibels louder under the wing than the eight-lobe orifice when both are used 
with the 10°-20° flaps. The SPL spectrum for the single nozzle used with the flaps (fig. 
12(b)) peaks at 1600 hertz, whereas the spectrum for the eight -lobe orifice used with the 
flaps is relatively flat over a large portion of the frequency range. 

Sideline noise tests . - Results of the sideline noise tests with the eight -lobe orifice 
and the 30°-60° flaps are shown in figure 13. For these tests the wing was placed in a 
horizontal position so that the fixed portion of the wing was parallel to the plane of the 
microphone circle and the extended flaps were pointing upward. The OASPL with the 
wing horizontal is compared to the OASPL with the wing vertical in figure 13(a). The 
sideline OASPL directivity (with the wing horizontal) is nearly symmetrical about the 
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orifice axis and is about 6 decibels less than the level under the wing at 80°. The SPL 
1/3-octave spectra (fig. 13(b)) show that the sideline noise has a lower level high- 
frequency content. 

The sideline noise data for the eight-lobe orifice and zero (retracted) flaps are 
shown in figure 14. The OASPL with the wing horizontal is compared to the OASPL with 
the wing vertical in figure 14(a). Again, the OASPL with the wing horizontal is, in gen- 
eral, lower than that with the wing vertical. The SPL 1/3 -octave spectra at 80° from 
the engine inlet (fig. 14(b)) show that the sideline noise does not exhibit the minimum 
level at 1000 hertz that is shown by the spectrum for the vertically oriented wing -flap 
system. 

Variations to orifice -wing system . - A series of experiments were performed em- 
ploying several variations to the eight -lobe orifice -wing combination. The objective of 
this series of tests was to try to reduce the noise generated by the presence of the flap 
slots. For this series of tests the flaps were placed in the 10°-20° and retracted set- 
tings. The orifice pressure ratio was 1.74. 

The first variation consisted of blocking off the slots between the fixed wing and the 
leading flap and between the leading flap and trailing flap. Two separate shields were 
used: a full shield that covered the entire underside of the wing -flap system, and a par- 
tial shield 12.7 centimeters wide centered about the jet axis. 

The results of the tests with the eight-lobe orifice blowing on the 10°-20° flaps 
when these shield systems were used are shown in figure 15. The data for the 10°-20° 
flaps with no shield and the data for the orifice alone are also shown for comparison. 

The OASPL (fig. 15(a)) for the wing with the shields is slightly lower than that for the 
wing with no shield. No difference in level exists in the OASPL for full and partial 
shield systems. A plot of the SPL spectra at 80° (fig. 15(b)) shows that the spectra for 
the wing with the shields has a minimum level at 1600 hertz. The shape of the spectrum 
for the eight -lobe orifice and 10°-20° flaps with the shield is similar to that obtained 
with the eight-lobe orifice and retracted flaps (fig. 9(b)). 

Figure 16 shows the results obtained, when the slots were alternately covered, with 
the wing flaps in the 10°-20° setting. For this test a thin metal plate was used to com- 
pletely cover the front slot with the rear slot open and then to cover the rear slot with 
the front slot open. Also shown in figure 16 are the data obtained when both slots were 
open and also when both slots were covered (full shield). The OASPL (fig. 16(a)) shows 
very little difference in levels between 0° and 140° from the engine inlet for these con- 
figurations. The SPL spectra at 80° (fig. 16(b)) show that in the region around 1600 
hertz a greater reduction in sound level occurs when the rear slot is covered than when 
the front slot is covered . 

These tests with the slots shielded were all performed at the relatively high orifice 
pressure ratio (1.74), or exhaust velocity. Data obtained in a more extensive experi- 
mental program (ref. 2) indicate that the effect of slots on the noise generation becomes 
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more pronounced at low exhaust velocities. Hence, shielding could have more of an ef- 
fect at lower velocities. 

Another variation consisted of modifying the eight -lobe orifice by mounting a fine- 
mesh wire screen over the three openings nearest the underside of the wing. The effect 
of the screen is to induce a lower jet velocity downstream of the orifice. Velocity pro- 
files for the orifice alone for this configuration are shown in figure 17. The wing would 
be located toward the ordinate side of the figure. At a distance of 15.2 centimeters 
downstream of the orifice (fig. 17(a)) the velocity from the screened lobes is nearly one- 
half that from the open lobes. As the distance downstream increases the flow coalesces 
into a single jet. 

Sound data were taken with the modified eight-lobe orifice blowing on the 10°-20° 
flaps with and without a full shield blocking the flap slots. Figure 18(a) shows little dif- 
ference in the OASPL between the wing with and without the shield. Figure 18(b) also 
shows little difference in the SPL spectra between the two arrangements. The separation 
in sound pressure level in the frequency range around 1600 hertz is slight compared to 
similar tests with the unmodified eight-lobe orifice (fig. 16(b)). 

The effectiveness of the modified eight-lobe orifice compared to that of the eight- 
lobe orifice with all lobes open is shown in figure 19. The difference in OASPL between 
the orifices with the 10°-20° flaps (without shields) and the orifices alone is plotted as a 
function of the angle from the engine inlet. A 1- to 2-decibel reduction in sound pressure 
level is obtained with the modified orifice and the 10°-20° flaps. 

A final variation to the externally -blown -flap system with the eight-lobe orifice with 
all lobes open and the 0° (retracted) flap setting consisted of moving the wing an addi- 
tional 3.81 centimeters away from the orifice so that the jet did not impinge on and/or 
scrub the wing surface. The OASPL for this arrangement (fig. 20(a)) shows a reduction 
in level, compared to the level obtained from the normal wing-orifice position, to ap- 
proximately 100° from the engine inlet. The SPL spectra at 80° (fig. 20(b)) show a peak 
at 500 hertz and then a minimum level at 1000 hertz for both wing positions. Above 1000 
hertz the noise with the wing moved away from the orifice is the reflection of the orifice 
noise with a 3-decibel separation. 


Sound Measurements with 4. 1-Centimeter- 
Equivalent-Diameter Orifices 

Orifices alone . - The noise data for the 16 -hole orifice alone and a single orifice 
alone are compared in figure 21. Both orifices had the same total exit area and conse- 
quently the same equivalent diameter. In figure 21(a), the sound directivity is shown to 
be approximately the same for both orifices, with only slight differences in level. The 
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SPL spectra for the orifices at 80° from the engine inlet are shown in figure 21(b). The 
single orifice has a greater sound level in the middle -frequency range of the spectra 
whereas in the high-frequency range the 16-hole orifice level is greater. The high- 
frequency noise content of the 16 -hole orifice is characteristic of multielement orifices. 

Orifices with wing . - The noise data for the single and 16 -hole orifices with the 
wing in place and the flaps at the 30°-60° setting are compared in figure 22. The results 
are similar to those found for the 6. 0-centimeter-equivalent -diameter orifices. The 
OASPL (fig. 22(a)) for the single orifice is greater than that for the 16-hole orifice. 

This is a result of the lower impingement velocity obtained with the multihole orifice. 

The spectra for these two conditions (fig. 22(b)) show that the single -orifice configura- 
tion has a much higher sound level from a frequency of 1000 to 5000 hertz, with a peak 
at 2500 hertz. The spectrum with the 16 -hole orifice is relatively flat over a large por- 
tion of the frequency range. 


SUMMARY OF RESULTS 

The results of noise tests of simulated mixer -type nozzles (orifices) used with a 
model of an externally -blown -flap lift -augmentation system can be summarized as fol- 
lows: 

1. With the 30°-60° flap setting, the overall sound pressure level (OASPL) under 
the wing was 4 to 6 decibels less with the multielement orifices than with a single ori- 
fice. With the 10°-20° flap setting, the OASPL under the wing was approximately 

2 decibels less with the multielement orifice. 

2. Sideline noise level, with the 30°-60° flap setting, was 6 decibels less than the 
noise level under the wing (80° to 100° from engine inlet). With the zero flap setting, 
the sideline noise level was 4. 5 decibels less than the noise level under the wing. 

The results of noise tests for variations to the eight -lobe orifice - wing - flap sys- 
tem can be summarized as follows: 

1. Shielding both leading edges of the flaps from the jet, with the 10°-20° flap set- 
ting, reduced the OASPL under the wing by approximately 2 decibels. 

2. Covering the rear slot, with the 10°-20° flap setting, had a greater effect on the 
sound pressure level (SPL) spectra at 80° than covering the front slot. 

3. Reducing the velocity next to the wing reduced the interaction noise by approxi- 
mately 1. 5 to 2 decibels. 
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4. With the 0° flap setting, increasing the distance from the wing to the orifice, so 
that no impingement occurred on the wing surface, reduced the OASPL by 2 to 4 deci- 
bels (0° to 120° from the engine inlet) . 

Lewis Research Center, 

National Aeronautics and Space Administration, 

Cleveland, Ohio, June 29, 1972, 

741-89. 
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Figure 1. - Flow system. 


External ly-blown- 
flap model 


. pipe 



| ap | Differential pressure 


13 









Radial position, cm 


(a) x = 15. 2 centimeters. (b) x * 29.6 centimeters. 

Figure 3. - Velocity profiles at various axial positions x for eight-lobe orifice, 
haust velocity, 290 meters oer second." 



Figure 4. - Velocity.profile at axial .. 
distance of 29.6 centimeters down- 
stream of the orifice for single 6. 1- 
centimeter-diameter orifice. Ori- 
fice pressure ratio, 1.7; orifice ex- 
haust velocity, 290 meters per 
second. 



8 4 0 4 8 

(c) x ■ 45. 7 centimeters. 
Orifice pressure ratio, 1.7; orifice ex- 
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Velocity ratio, v/v: 



Figure 5. - Velocity profiles at axial distance of 37 cen- 
timeters downstream of the orifice for 4. 1-centimeter- 
equivalent-diameter orifices. Orifice pressure ratio, 
4.4,'-0/jfice exhaust velocity, 289 meters per second. 
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Figure 6. - Comparison of peak axial velocity decay obtained with single and multielement 
orifices. 




Orifice Orifice 

pressure exhaust velocity, 
ratio m/sec 

HO. — □ 1.74 296 

1 O 1. 23 187 



Angle from engine inlet, deg 


(a) Overall sound pressure level directivity. 



Frequency, kHz 


lb) Sound pressure level 1/3-octave spectra at 8CP from engine 
inlet. 

Figure 7. - Comparison of noise data for eight-lobe orifice alone 
at two orifice pressure ratios. Microphone radius, 3.03 meters. 
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Angle from engine inlet, deg 


(a) Overall sound pressure level directivity. 



Frequency, kHz 


(b) Sound pressure level 1/3-octave spectra. 

Figure 8. - Comparison of noise data for single orifice alone and 
eight-lobe orifice alone. Equivalent diameter, 6.0 centimeters; 
orifice pressure ratio, 1.74; orifice exhaust velocity, 296 meters - 
per second; microphone radius, 3. 05 meters. 
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SPL, dB (re 2xlO‘ 5 N/m 2 ) OASPL, dB (re 2X10' 5 N/m^) 



Angle from engine inlet, deg 


(a) Overall sound pressure level directivity. 



Frequency, kHz 


(b) Sound pressure level 1/3-octave spectra at 80° from engine inlet. 

— - - ---*•» ~Figure ! 9:— Comparison of noise data forvariousflappositionswith the eight-lobe orif ice:^ Orifice pres- 

sure ratio, 1. 74; orifice exhaust velocity, 296 meters per second; microphone radius, 3. 05 meters. 
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SPL, dB (re 2x10"’ N/m‘1 OASPL, dB (re 2x10"’ N/rt/l 
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Angle from engine inlet, deg 
(a) Overall sound pressure level directivity. 
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pressure 
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velocity, 
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m/sec 
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o 

2.05 

334 

□ 

□ 

1.74 

296 

□ 

o 

1. 60 

274 

A 

1.23 

186 


Frequency, kHz 

(bl Sound pressure level 1/3-octave spectra at 8CP from engine inlet. 

Figure 10. - Comparison of noise data at various orifice pressure ratios for eight-lobe orifice and 3C P 
6C f flaps. Microphone radius, 3. 05 meters. 



SPL, dB (re 2x10' 5 N/m 2 ! OASPl, dB (re 2xlD' 5 N/rn 2 ) 




O Single orifice 
□ Eight-lobe orifice 

Open symbols denote orifice 
used with 3CP-6CP flaps 
Solid symbols denote orifice 
alone 


V m 



60 I I I I I I I 1 — I 1— L-i— 1—1 — 

.2 . 4 1 2 4 10 20 40 

Frequency, kHz 

(b) Sound pressure level 1/3-octave spectra below wing at 8CP from engine inlet, except for single nozzle 
alone, which was tested at 90°. 

Figure 11. - Comparison of noise data for single and eight-lobe orifices - both alone and with 30°-60° 
flaps. Orifice pressure ratio, 1. 74; orifice exhaust velocity, 296 meters per second; microphone 
radius, 3.05 meters. 
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SPL, dB (re 2xl0' 5 N/m 2 ) OASPL, dB (re 2xl0' 5 N/m 2 



Angle from engine inlet, deg 
(al Overall sound pressure level directivity. 



Frequency, kHz 


(b) Sound pressure level 1/3-octave spectra at 80° from engine inlet. 


Figure 12. - Comparison of noise data for eight-lobe orifice and 5.08-centimeter-diameter single nozzle 
scaled up to eight-lobe orifice - both alone and used with 1CP-20 0 flaps. Orifice pressure ratio, 1.7 
(nominal); microphone radius, 3.05 meters. 
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(b) Sound pressure level 1/3-octave spectra at 80° from engine inlet. 

Figure 13. - Comparison of noise data for vertical and horizontal (underside of wing facing up) wing 
positions - eight-lobe orifice with 3CP-6CP flaps. Orifice pressure ratio, 1.74 ; orifice exhaust ve- 
locity, 296 meters per second; microphone radius, 3. 05 meters. 
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SPL, dB (re 2xlO' ;> N/m 2 ) OASPL, dB 

(re 2xlO' 5 N/m 2 ) 



Angle from engine inlet, deg 


(a) Overall sound pressure level directivity. 



.2 .4 1 2 4 10 20 

Frequency, kHz 


(b) Sound pressure level 1/3-octave spectra at from engine inlet. 

figure 14. - Comparison of noise data for vertical and horizontal (underside of wing facing upward) 
wing positions - eight-lobe orifice with (P (retracted) flaps. Orifice pressure ratio, 1.74; orifice ex- 
haust velocity, 2% meters per second; microphone radius, 3. 05 meters. 
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SPL, dB (re 2xlO' 5 N/m 2 l OASPL, dB (re 2xl0 -5 N/m 2 ) 



0 40 80 120 160 200 240 280 320 360 

Angle from engine inlet, deg 

(al Overall sound pressure level directivity. 



Frequency, kHz 

(b) Sound pressure level 1/3-octave spectra at 80P from engine inlet. 


Figure 15. - Comparison of noise data for eight-lobe orifice used with 10°-20P flaps with and without 
shields. Orifice pressure ratio, 1. 74; orifice exhaust velocity, 296 meters per second; microphone 
radius, 3. 05 meters. 
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SPL, dB (re 2xlO~ 5 N/m 2 ) OASPL, dB (re 2xl0' 5 N/m 2 ) 



Angle from engine inlet, deg 


(a) Overall sound pressure level directivity. 



Frequency, kHz 

(bl Sound pressure level 1/3-octave spectra at 8CP from engine inlet. 

Figure 16. - Comparison of noise data for eight-lobe orifice used with 10P-2CP flaps with alternate cover- 
ing of slots. Orifice pressure ratio, 1.74; orifice exhaust velocity, 296 meters per second; microphone 
radius, 3.05 meters. 
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SPL, dB (re 2xlO~ 5 N/m 2 ) . OASPL, dB (re 2xl0' 5 N/m 2 ) 



(a) Overall sound pressure level directivity. 
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.2 .4 1 2 4 10 20 

Frequency, kHz 

(b) Sound pressure level 1/3-octave spectra at 80 P from engine inlet. 

Figure 18. - Comparison of noise data for modified eight-lobe orifice (five lobes open and three lobes 
screened! used with ltf ) -2CP flaps with and without a full shield. Orifice pressure ratio, 1.71; 
microphone radius, 3. 05 meters. 



SPL, dB (re 2xlO~ 5 N/m 2 ) OASPL, dB (re 2xl0‘ 5 Him 2 ) 



0 40 80 120 160 


Angle from engine inlet, deg 

Figure 19. - Difference in sound level when 
eight-lobe orifice and modified eight-lobe or- 
ifice are used with 10°-2CP flaps and used 
alone. Orifice pressure ratio, 1.7 (nominal); 
microphone radius, 3.05 meters. 



Angle from engine inlet, deg 


(a) Overall sound pressure level directivity. 



Frequency, kHz 


(bl Sound pressure level 1/3-octave spectra at 80° from engine inlet 

Figure 20. - Comparison of noise data with wing-to-orifice distance varied - eight-lobe orifice with oP 
(retracted) flaps. Orifice pressure ratio, 1. 74; orifice exhaust velocity, 296 meters per second; 
microphone radius, 3.05 meters. 
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SPL, dB (re 2xl0" 5 N/m 2 l OASPL, dB (re 2xl0' 5 N/m 2 ) 



Angle from engine inlet, deg 


(al Overall sound pressure level directivity. 



Frequency, kHz 


(b) Sound pressure level 1/3-octave spectra at 8CP from engine inlet. 

Figure 21. - Comparison of noise data for single orifice alone and 16-hole orifice alone. Equivalent 
diameter, 4. 1 centimeters; orifice pressure ratio. 1.7; orifice exhaust velocity, 290 meters per 
second; microphone radius, 3. 05 meters. 
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SPL, dB (re 2xlO' 5 N/m 2 ) OASPL, dB (re 2xlO' 5 N/m 2 ) 


100 


90 L 
0 

Angle from engine inlet, deg 
(a) Overall sound pressure level directivity. 



Frequency, kHz 

(b) Sound pressure level 1/3-octave spectra at 80P from engine inlet. 


Figure 22. - Comparison of noise data for single and 16-hole orifices used with 30°-60 p flaps. Orifice , 
pressure ratio, 1.7; orifice exhaust velocity, 290 meters per second; microphone radius, 3. 05 meters. 
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